on LCAT activity on the particle's surface, resulting in the change of a discoidal 2 or 3 apoA-I transfer protein (PLTP). This results in both larger particles containing typically 3 to 5 apoA-I 86 molecules as well as shedding of superfluous apoA-I as lipid-poor apoA-I [9] . ApoA-I shedded in this 87 way can then be either recycled for formation of new spherical HDL, or be cleared by the kidneys 88
[10]. Furthermore, HDL interacts with apoB-lipoproteins through CETP-mediated exchange of TG by 89 CE [11] . TG in the core of HDL can then be hydrolyzed by both hepatic (HL) and endothelial lipase 90 (EL) [12, 13] . Depletion of the HDL-core will lead to further shedding of lipid-poor apoA-I, which, as 91 stated already, can then either be cleared by the kidneys or be remodeled back into mature HDL [14] .
92
The specific uptake of HDL-CE by the liver through scavenger receptor class B member 1 (SRB1) 93 followed by excretion into the bile is considered to be an important mechanism for cholesterol export 106
In addition to LDLR-mediated uptake, there is also some uptake through LDLR-related protein (LRP) 107 and VLDL-receptor (VLDLR), that facilitate uptake of larger apoB-lipoproteins that have not 108 completely gone through the lipolytic cascade [16] .
5 first of all found that the presence of CETP-activity alone is not sufficient to explain this relationship. is associated with increased apoA-I fractional catabolic rate (FCR). We discuss how these findings fit 143 in the established but largely theoretical framework of lipoprotein metabolism and conclude that a 144 pathway must exist that clears surface lipids from VLDL in a manner that is independent of HDL. ApoA-I enters the system as lipid-poor apoA-I, which interacts with ABCA1 to form nascent HDL-213 particles that carry 2 to 3 apoA-I molecules and in the order of 180 phospholipid molecules as well as 214 130 free cholesterol molecules, and virtually no core lipids [28] . These nascent HDL particles can then 215 be converted to more spherical and larger HDL by action of LCAT, which transfers a fatty acid chain 216 from PL to FC on the surface to form CE. Activity of LCAT is constrained by the amount of surface 217 lipid because the model does not allow for less surface lipid than would be required to fully envelop 218 the volume of core lipids. Clearance of core lipids occurs through activity of SRB1, reducing the size,
219
and producing a chance to shed some lipid-poor apoA-I. The clearance of apoA-I on the other hand, 220 occurs through the filtering of lipid-poor apoA-I and HDL through the glomerular basement 221 membrane in the kidneys, which was modeled as a function of glomerular filtration rate and size of the 222 lipoprotein, so that lipid-poor apoA-I is very likely to be filtrated, whereas large HDL is very unlikely subject to remodeling by HL and EL, which remove mainly TG and PL from the particle respectively. and colloquially referred to as ''Shen's model'' [20, 30] . Exploring the sensitivity of TG, and HDL-C for the various parameters, we varied the parameters 304 between 0 and 10 times the default value. As may be expected, we then find that TG is mostly 305 sensitive to VLDL-PR, VLDL-size, LPL, and to a lesser extent also for LDLR, CETP and HL ( Fig.   306  S2) , while HDL-C is mostly sensitive to apoA-I production, LCAT, ABCA1, ABCA1x, SRB1, CETP,
307
EL, cubulin-megalin, and the glomerular filtration rate (Fig. S3 ). Because HDL-C and TG in the 308 model communicate through CETP and PL-transfer, we also observed parameters that mainly control 
325
Based on these tracer-kinetic studies, we expect that modulating plasma TG through decreasing LPL-326 activity will lead to a negative correlation between plasma TG and HDL-C in our model. We 327 furthermore expect that increasing VLDL-PR or VLDL-size, will lead to higher plasma TG, and lower 328 HDL-C. Now, by testing the model against these expectations, we can learn whether our model, and 329 therefore our understanding of the lipoprotein metabolism, is sufficient to explain the correlation 330 between HDL-C and TG. To test this, we changed plasma TG by varying LPL-activity, VLDL-PR or 331 VLDL size and studied the resulting relationships between plasma TG and HDL-C.
332
Following expectations, decreasing LPL-activity led to a negative correlation between TG and HDL-C 333 (Fig. 4A) . In contrast, when VLDL-PR and VLDL-size are increased in physiological ranges, we 334 unexpectedly observed a positive relation between plasma TG and HDL-C (Fig. 4B, Fig. 4C ). Thus 335 the model results oppose the idea that increased VLDL-PR causes lower HDL-C. 
355
We hypothesized that at higher ranges of VLDL-PR, the model reacts with a greater increase in
356
LCAT-activity in response to increased PL-flux from VLDL to HDL compared to the increase in the 357 CETP-mediated CE-flux from HDL to VLDL, leading to positive associations between HDL and TG.
358
Conversely, we hypothesized that CE-flux from HDL to VLDL increases faster than the increase in
359
LCAT-activity through additional supply of PL in the low range of VLDL-PR. To address these ideas,
360
we inspected the PL-transfer and CE-flux over the studied parameter range and observed that, 361 consistent with this hypothesis, while CE-flux flattens at higher rates of VLDL-PR, the increase in
362
LCAT-activity in response to increased PL-flux remains strong in this range (Fig. 6A, 6B) . due to the absence of ABCA1 affecting lysosomal function [65] .
447
Activity of HL and EL on apoB-proteins is not likely to be the major pathway either, since activities of 448 these enzymes are normal in FLD, yet do not prevent the formation of LpX. It is in this regard more 449 likely that beta-LCAT activity, i.e. residual activity of LCAT on only LDL as described for FED, is 
462
Remarkably, however, the mechanism underlying this relationship is unclear.
463
The general contention is that the majority of excess VLDL surface lipids during TG hydrolysis are 464 transferred to HDL. Our simulations, however, show that even a conservative estimate of a 65% 465 transfer of excess surface lipids to HDL would actually increase HDL-C concentration at 466 physiological ranges of increased plasma TG. In fact, to simulate a negative association between 467 HDL-C and plasma TG, PL-transfer had to be limited from 65% to 10% to 30%. This result point at an 468 alternative pathway that is responsible for the bulk of excess PL removal.
469
In this regard, it is interesting that the generation of LpX, causing renal failure and early death in 
474
Our study shows that agent based modeling is a useful tool to unravel the complex interplay between 475 lipoproteins in human plasma. Furthermore, our findings suggest that an alternative HDL-independent 476 pathway for the disposal of PL following TG hydrolysis of VLDL may be of clinical and 477 pharmaceutical relevance. 
